A cartilage explant system for studies on aggrecan structure, biosynthesis and catabolism in discrete zones of the mammalian growth plate.
The structure, biosynthesis and catabolism of aggrecan has been studied in the bovine fetal rib growth plate. Comparative analyses were made on six 1-mm transverse slices which represent the resting zone (slice 6), proliferative zone (slices 5 and 4), upper hypertrophic zone (slice 3), middle hypertrophic zone (slice 2) and lower hypertrophic zone (slice 1). Aggrecan was abundant and exhibited very high aggregability in all zones. The aggrecan monomer was similar in structure in the resting and proliferative zones but showed a marked increase in hydrodynamic size in the lower hypertrophic zone; this was apparently due to an increase in the size of substituent glycosaminoglycans and an increase in core protein size as indicated by peptide analysis for G3 domain abundance. Biosynthetic studies with [35S]-sulfate showed the rate of synthesis per cell to be highest in the upper hypertrophic zone, and the structure of the newly synthesised molecules to be similar to the resident population in all zones. During explant culture in basal medium both aggregating and non-aggregating forms of aggrecan were released slowly from all zones. Addition of 10 nM retinoic acid to explants stimulated the release of both these forms of aggrecan whereas higher concentrations of retinoic acid (100 nM and 1000 nM) preferentially stimulated the release of the degraded forms. In this regard hypertrophic cells were the most responsive and resting cells were the least responsive. Analysis of the degraded fragments by polyacrylamide gel electrophoresis and by N-terminal sequencing indicated that aggrecan catabolism in all zones of the growth plate is due to the action of aggrecanase, a novel cartilage proteinase which is also active in normal and osteoarthritic articular cartilages (Sandy et al., 1992). These observations are discussed in terms of the role of aggrecan in the extensive matrix remodelling which accompanies chondrocyte hypertrophy in the growth plate.